Working within the quasi-metric framework (QMF) described elsewhere, we examine the gravitational field exterior respectively interior to a spherically symmetric, isolated body made of perfect fluid. We require that the gravitational field is "metrically static", meaning that it is static except for the effects of the global cosmic expansion on the spatial geometry. We set up dynamical equations for the gravitational field and find an approximate solution for the exterior part. Furthermore we find equations of motion applying to inertial test particles moving in the exterior gravitational field. By construction the gravitational field of the system is not static with respect to the cosmic expansion, meaning that the radius of the source increases and that distances between circular orbits increase according to the Hubble law. Moreover it is found that the dynamically measured mass of the source increases linearly with cosmic scale. Also it is shown that if this model of an expanding gravitational field is taken to represent the gravitational field of the solar system, this has no serious consequences for observational aspects of planetary motion. On the contrary palaeo-geological records and some observational facts of the Earth-Moon system are naturally explained within the QMF.
Introduction
The idea that the cosmic expansion may possibly be relevant for local systems came up many years ago; see e.g. [1] and references therein. More recently there has been renewed interest in this idea; in part because it has become clear that there is no compelling observational evidence showing the expected deviations from the global Hubble law for galaxies in the vincinity of or even within the local group of galaxies. See e.g. [2] and references therein.
Even if there are in principle no direct observations ruling out the relevance of the global Hubble law on local scales, the generally accepted view is that for all practical purposes, local systems may be treated as decoupled from the cosmic expansion. This view reflects predictions coming from the standard framework of metric gravity. That is, it is well-known that metric theory predicts that local systems are hardly affected at all by the cosmological expansion (its effect is at best totally negligible, see e.g. [1] and references therein). The reason for this is basically that in metric theory, the nature of the cosmological expansion is in principle not different from other types of motion; this follows from the most basic postulate in metric theory, namely that space-time can be modeled as a semi-Riemannian manifold. However, when analyzing the influence of the cosmological expansion on local systems there should be no reason to expect that predictions made within the metric framework should continue to hold in a theory where the structure of space-time is non-metric.
Recently a new type of non-metric space-time framework, the socalled quasi-metric framework, was presented in [3] and [4] . Also presented was an alternative relativistic theory of gravity formulated within this framework. This theory correctly predicts the "classic" solar system tests in the case where an asymptotically Minkowski background is invoked as an approximation and the cosmological expansion can be neglected. However, for reasons explained in [3] , the theory predicts a S 3 ×R-background rather than a Minkowski background as the global basic geometry of the Universe. According to quasi-metric theory the nature of the cosmological expansion is a direct consequence of the existence of this S 3 ×R-background and the expansion applies to all systems where gravitational dynamics dominates (hereafter called "gravitational systems"), regardless of scale. That is, in quasi-metric gravity the mathematical modelling of the Hubble expansion and thus its physical interpretation are different than in metric theory, and as a consequence the Hubble expansion is predicted to influence local, gravitationally bound systems sufficiently that its effects should be observable in experiments. On the other hand, quasi-metric theory allows that the global cosmic expansion does not apply to quantum-mechanical systems where gravitational interactions are negligible (hereafter called "atomic systems") [5] .
To find more exactly how the cosmological expansion affects local systems according to the quasi-metric theory, one must first calculate the spherically symmetric gravitational field with the S 3 ×R-background, both interior and exterior to the source. Then one should use the quasi-metric equations of motion to calculate how test particles move in the exterior gravitational field. We show in sections 3.2 and 3.3 of this paper that the quasi-metric theory predicts that the gravitational field both exterior and interior to a source (modelled as a perfect fluid) should expand according to the Hubble law. Moreover the radius of the source is also predicted to expand. This result may support an interpretation of geological data indicating that the Earth is expanding according to the Hubble law, see reference [6] and references cited therein. Besides, an expanding Earth should cause changes in its spin rate; we show in section 4.2 of this paper that the observed secular spin-down of the Earth may in fact be of cosmological origin. This also applies to the observed recession of the Moon and its mean acceleration.
Finally it is shown that the predicted cosmic expansion of the solar system's gravitational field does not lead to easily detected perturbations in the observed motion of the planets. Also active mass is predicted to show a secular increase proportional to the Hubble parameter; in section 4.3 we argue that the predicted value of the increase is not in conflict with current test experiments. These results are very different from their counterparts in metric theory; that is why it is generally believed that observations confirm that the solar system is decoupled from the cosmic expansion when it is in fact the other way around.
2 Quasi-metric relativity in brief
General formulae
In this section we summarize the main features of the quasi-metric framework and a quasi-metric theory of gravity. A considerably more extensive discussion can be found in [3] or [4] .
The basic premise of the QMF is that the canonical description of space-time is taken as fundamental. That is, quasi-metric space-time is constructed as consisting of two mutually orthogonal foliations: On the one hand space-time can be sliced up globally into a family of 3-dimensional spacelike hypersurfaces (called the fundamental hypersurfaces (FHSs)) by the global time function t, on the other hand space-time can be foliated into a family of timelike curves everywhere orthogonal to the FHSs. These curves represent the world lines of a family of hypothetical observers called the fundamental observers (FOs), and the FHSs taken at t =constant represent a preferred notion of space. There exists a unique relationship between t and the proper time as measured by any FO (see equation (20) below). Besides, the equations of any theory of gravity consistent with the QMF depend on the geometrical properties of the FHSs. Note that quasi-metric space-time is time-asymmetric by construction.
The FHSs are associated with two families of Lorentzian space-time metric tensor fieldsḡ t and g t in such a way that different FHSs correspond to domains of applicability of different members of these families in an one to one relationship. The metric family ḡ t represents a solution of field equations, and fromḡ t one can construct the "physical" metric family g t which is used when comparing predictions to experiments. Quasi-metric theory is not metric since the affine connection compatible with a general metric family is non-metric.
To be able to compare theory to experiment we have to represent the metric families in terms of components with respect to some coordinate system on quasi-metric spacetime. It is convenient to think of t as representing one extra (degenerate) time dimension and to use a coordinate system {x µ } (µ taking values in the interval 0 − 3) where the relationship between the ordinary time coordinate x 0 and the global time function is given by x 0 = ct; this ensures that x 0 is a global time coordinate. A coordinate system with a global time coordinate of this type we call a global time coordinate system (GTCS). Note that there exist infinitely many GTCSs. It can be argued [4] that in a GTCS, the most general form allowed for the familyḡ t may be represented by the family of line elements (latin indices take values in the interval 1 − 3 and we use the metric signature (− + ++) and Einstein's summation convention throughout)
whereN t is the lapse function field family of the FOs, t 0 is an arbitrary reference epoch, t t 0N i are the components in a GTCS of the family of shift covector fields of the FOs and where S ij dx i dx j denotes the metric of the 3-sphere (with a radius equal to ct 0 ). Note that equation (1) may be taken as a definition. Now the evolution of the spatial scale factor t t 0N t of the FHSs in the hypersurfaceorthogonal direction may be split up according to the definition (where a comma denotes partial derivation, the symbol⊥ denotes a scalar product with the unit normal vector field −n t of the FHSs, and where £n t denotes Lie derivation in the direction normal to the FHSs holding t constant)
where c
−2b
t represents the kinematical contribution to the evolution of the spatial scale factor and c
−1H
t represents the socalled non-kinematical contribution defined bȳ
We see from equation (3) that the non-kinematical evolution (NKE) of the spatial geometry takes the form of an "expansion". Furthermore the NKE consists of two terms; the first term 1 Ntt represents the global NKE due to the global curvature of the FHSs, whereas the second termȳ t represents the local NKE coming from the gravitational field. This second term is not "realized" globally since it is absent in equation (2) . Besides we see from equation (2) that the evolution ofN t with time may also be written as a sum of one kinematical and one non-kinematical term, i.e.
The splitups defined in equations (2), (3) and (4) are necessary to be able to construct g t fromḡ t [3] . Note that the kinematical evolution (KE) of the spatial scale factor may be positive or negative. Next, one characteristic property of quasi-metric theory is that there are systematic scale changes between gravitational and atomic systems; this causes gravitational quantities to exhibit an extra variation when measured in atomic units (and vice versa). This may be thought of formally as if fixed operationally defined atomic units vary in spacetime. Since c and Planck's constant by definition are not formally variable the formal variation of time units is equal to that of length units and inverse to that of mass units. We represent the formal variation of atomic time units by the scalar field Ψ t . This means that measured in atomic units, the formal variability of gravitational quantities with the dimension of time or length goes as Ψ −1 t , whereas the formal variability of gravitational quantities with the dimension of mass goes as Ψ t . However, for convenience we define the gravitational constant G to be a constant measured in atomic units. But if we do this we must separate between active mass, which becomes a scalar field, and passive mass (passive gravitational mass and inertial mass). By dimensional analysis it is found [4] that active mass m t varies formally as Ψ −1 t measured in atomic units (but passive mass does of course not vary). By definition we have Ψ t ≡ 1 cNtt , so the formal variation of the units follows directly from the spatial scale factor of the FHSs as seen from (1), that is
whereā F is the 4-acceleration of the FOs in the familyḡ t . Local conservation laws involving projections into and normal to the FHSs of the (active) stress-energy tensor T t take the form (in component notation)
where L ⋆n t denotes Lie derivative of spatial objects in the direction normal to the FHSs and '|' denotes spatial covariant derivation. (A "hat" denotes an object intrinsic to the FHSs.) See [4] for a derivation of these equations. Also postulated in [4] are the field equations (with κ≡ 8πG c 4 )
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whereR t is the Ricci tensor family andK t is the extrinsic curvature tensor family of the FHSs corresponding to the metric family (1) . (K t is the trace ofK t .) Note that whereas the field equations are postulated rather than derived they are by no means arbitrary; equation (8) for example, follows naturally from a geometrical correspondence with Newton-Cartan theory. Also note that to simplify calculations, it is often convenient to study systems where the condition
holds. Besides we note that the geometry intrinsic to the FHSs obtained from equation (1) has the curvaturē
whereh t is the metric family intrinsic to the FHSs,H t is the Einstein tensor family intrinsic to the FHSs andP t is the Ricci scalar family intrinsic to the FHSs. On the quasi-metric space-time manifold N there applies a linear, symmetric "degenerate" connection ∇ ⋆ . This connection is called degenerate due to the fact that the family g t may be perceived as one single degenerate 5-dimensional metric on a product manifold M×R whereof N is a 4-dimensional submanifold. (Here M is a Lorentzian space-time manifold and R is the real line.) We may then introduce a torsion-free, metric-compatible 5-dimensional connection ∇ ⋆ with the property that
on M×R and consider the restriction of ∇ ⋆ to N . It can be shown [4] that in a GTCS the components which do not vanish identically of the degenerate connection field are given by
The general equations of motion for test particles are identical to the geodesic equation obtained from ∇
⋆
. In a GTCS they take the form (see [2] for a derivation)
where dτ t is the proper time as measured along the curve, λ is some general affine parameter, dτ F is the proper time as measured by the local FO and a t is the 4-acceleration as measured along the curve.
Special equations of motion
In this paper we analyze the equations of motion (15) in the case of a uniformly expanding isotropic gravitational field in vacuum exterior to an isolated spherically symmetric source in an isotropic, compact spatial background. We also require that the source is at rest with respect to some GTCS; i.e., that we can find a GTCS where the shift vector field vanishes. Furthermore we require thatN t is independent of x 0 (and t); i.e., that the only explicit time dependence is via t in the spatial scale factor (using the chosen GTCS). We denote this a "metrically static" case. This scenario may be taken as a generalization of the analogous case with a Minkowski background (this case is analyzed in [4] ) and is more realistic since the Minkowski background is not a part of our theory but rather invoked as an approximation being useful in particular cases. We start by making a specific ansatz for the form ofḡ t . Introducing a spherical GTCS {x 0 , r, θ, φ}, where r is a Schwarzschild radial coordinate, we assume that the metric familiesḡ t and g t can be written in the form (compatible with equation (1)), using the notation
where dΩ 2 ≡dθ 2 + sin 2 θdφ 2 and t 0 is some arbitrary reference epoch. Note that the spatial coordinate system covers only half of S 3 , thus the range of the radial coordinate is r < ct 0 only. The functionB(r) may be calculated from the field equations; we treat this problem in the next section. The functions A(r) and B(r) may be found fromḡ t andȳ t as shown in [3] . We now calculate the metric and the degenerate connection coefficients from the metric family g t given in equation (16). A straightforward calculation yields
To apply the equations of motion to the family g t we use the definition for dτ F . This is given by
In the following we use the equations of motion (15) to find the paths of inertial test particles moving in the metric family g t . Since a t vanishes for inertial test particles we get the relevant equations by inserting the expressions (18), (19) and (20) into equation (15) . This yields (making explicit use of the fact that cdt = dx 0 in a GTCS)
If we restrict the motion to the equatorial plane equation (22) becomes vacuous, and equation (23) reduces to
Dividing equation (25) by dφ dλ we find (assuming
We thus have a constant of the motion, namely
Dividing equation (24) by
Equation (28) yields a constant of the motion which we can absorb into the definition of λ such that a solution of equation (28) is [7] 
Multiplying equation (21) by
and using the expressions (27), (29) we find
thus a constant E of the motion is defined by
The equation (31) may be compared to an analogous expression obtained for the static isotropic gravitational field in the metric framework [7] . Inserting the formulae (27), (29) and (31) into equation (16) and using the fact that in a GTCS we can formally write dx 0 = cdt when traversing the family of metrics, we find
Thus our equations of motion (15) force dτ t /dλ to be constant, quite similarly to the case when the total connection is metric, as in the metric framework. From equation (32) we see that we must have E = 0 for photons and E > 0 for material particles. We may eliminate the parameter λ from equations (27), (29), (31) and (32) and alternatively use t as a time parameter. This yields
We may integrate equations (33) and (34) to find the time history (r(t), φ(t)) along the curve if the functions A(r) and B(r) are known. For the static vacuum metric case with no global NKE, one can solve the geodesic equation for particles orbiting in circles with different radii, and from this find the asymptotically Keplerian nature of the corresponding rotational curve [7] . In our case we see from equations (33) and (34) that we can find circle orbits as solutions; such orbits have the property that the orbital speed B −1/2 (r)
is independent of t.
3 Metrically static, spherically symmetric systems
Perfect fluid sources
We now seek general solutions of the type (16) of the field equations, and where the source is modelled as a perfect fluid. Then the active stress-energy tensor T t takes the form
whereρ m is the density of active mass-energy andp is the active pressure seen in the local rest frame of the fluid. Moreoverū t is the 4-velocity of the fluid in (N ,ḡ t ). But what can be measured locally is not T t but the passive stress-energy tensor T t in (N , g t ), given by
where ρ m is the passive mass-energy as measured in the local rest frame of the fluid and p is the associated passive pressure. The relationship betweenρ m and ρ m is given bỹ
and similarly for the relationship betweenp and p. In the following sections we set up the relevant equations both for the interior and the exterior gravitational field. As we shall see the equations valid inside the source get quite complex; this makes analytical calculations rather impracticable so the equations should be solved numerically. However, we have not performed any numerical calculations. On the other hand a straightforward series solution may be found (approximately) for the exterior field.
The interior field
In this section we analyze the gravitational field inside the source. That is, we do the necessary analytical calculations in order to write the relevant equations in a form appropriate for numerical treatment. Proceeding with this, from the definitions we get c −2ā
Now the active stress-energy tensor T t varies formally as Ψ 2 t when measured in atomic units. For reasons of convenience we choose to extract this formal variability explicitly. What is left after separating out the formal variability from the active mass density is by definition the coordinate density of active massρ m . (The corresponding pressure isp.) For the case when the perfect fluid is comoving with the FOs (i.e., T (t)⊥j = 0) we find from equation (36)
Furthermore, using equations (41) the local conservation laws (6), (7) applied to the metrically static case yield (with˙≡
Equations (42) are valid for any metrically static perfect fluid, independent of the equation of state. But to have experimental input we need to specify such an equation p = p(ρ m ).
Thus it is necessary to use the expressions (38) and (41) relatingρ m to the passive mass density ρ m and similarly for a relationship betweenp and the passive pressure p.
To find how the active mass m t varies in space-time, note that we are free to choose the background value of the active mass far from the source to be m 0 . We use this to define G as the constant measured in a Cavendish experiment far from the source at epoch t 0 . Then, using equations (5) and (39) we find
Now we can insert the equations (39), (40) and (41) into the field equation (8) . SinceK t vanishes identically for the metrically static case [4] , equations (9) become vacuous and equation (8) yieldsB
A second equation can be found from the equation ( 
We may now eliminateĀ(r) andĀ ′ (r) from equation (44) by inserting equations (17) and (45). The result is (with Ξ 0 ≡ct 0 )
To solve equation (46) numerically forB(r) one may proceed as follows. First specify the boundary conditions at the center of the body. From equation (17) we easily see that A(0) = 1, and moreover we must haveB ′ (0) =p ′ (0) = 0, soĀ ′ (0) = 0 from equation (45). Furthermore, noting that r −1B′ must be stationary near the center of the body we haveB
where the implication follows from equation (44).
To specify any particular model, choose the boundary conditionp(0) at some arbitrary time. Also choose some arbitrary valueB(0) as an initial value for iteration. It must be possible to check how well the chosenB(0) reproduces the boundary condition forB(R) at the surface r = R of the body. That is, to match the exterior solution we must have (see the next section, equation (52))
where r s0 is a constant which may be identified with the Schwarzschild radius of the body at the arbitrary time t 0 . Hence, by definition we set
where the integration is taken over the whole body. Note that M t 0 is defined to be the total mass-energy of the body as measured by distant orbiters at epoch t 0 . Notice in particular that this expression depends not only on the mass density of the body but also on the pressure. To get any further we must specify a suitable equation of state p(ρ m ) and use equations (38) and (41) to findρ m andp for each step of the integration procedure. It is now possible to integrate equation (46) outwards from r = 0 using equation (42) until the pressure vanishes. The surface of the body is now reached (that is r = R). If the calculated valuē B(R) does not match the boundary condition (48), add a constant toB everywhere and repeat the calculation with the new value ofB(0). Iterate until sufficient accuracy is achieved. Note that the geometry of space at the exact center of the body is S 3 .
Once we have done the above calculations for an arbitrary time, we know the time evolution of the system from equation (42). That is, a spherical gravitationally bound body made of perfect fluid obeying a suitable equation of state will expand according to the Hubble law. The gravitational field interior to the body will also expand. We are now able to calculate the familyḡ t inside the body. To find the corresponding family g t one uses the method described in [3] .
The exterior field
In this section we write down one equation which must be solved to find the unknown functionB(r) valid for the exterior gravitational field. We then solve this equation approximately and use this to find approximations for the functionsĀ(r), A(r) and B(r) as well. Now, from equations (3), (16) and (39) we get (sinceN t = B (r))
Furthermore, equation (46) 
Notice that this equation may be viewed as a perturbation of the situation we get if we take the limit Ξ 0 →∞. That case was analyzed in [4] , and it was found that the solution is unique. But this indicates that the solution of equation (51) is unique as well.
Before we try to solve equation (51), it is important to notice that no solution of it can exist on a whole FHS (except the trivial solutionB =constant), according to the maximum principle applied to a closed Riemannian 3-manifold. The reason for this is the particular form of the field equations, see reference [4] and references therein for justification. This means that in quasi-metric theory, isolated systems cannot exist except as an approximation.
Even if a non-trivial solution of equation (51) does not exist on a whole FHS we may try to find a solution valid in some finite region of a FHS. That is, we want to find a solution in the region R < r≪Ξ 0 , where R is the coordinate radius of the source. We do not specify any particular boundary conditions at the boundary Ξ 0 ≡ct 0 since the approximation made by assuming an isolated system is physically reliable only if
≪1.
Furthermore it turns out to be too difficult to find a useful exact solution of equation (51). Thus we may rather try to find an approximative solution in the form of a series expansion, i.e. a perturbation around the analogous problem in a Minkowski background. That is, in contrast to the analogous case with a Minkowski background there exists the extra scale Ξ 0 in addition to the Schwarzschild radius r s0 defined in equation (49). To begin with we try to model the gravitational field exterior to galactic-sized objects, so we may assume that the typical scales involved are determined by
; this criterion tells how to compare the importance of the different terms of the series expansion.
One may straightforwardly show that an approximative solution of equation (51) is
2r 2 + r s0 r 2Ξ 
and furthermore this yields, using equations (3) and (50)
To construct the family g t as described in [3] we need the quantity
We note that v(r) does not depend on t. The functions A(r) and B(r) are found from the relations [3] A(r) = 1 +
From equations (52) and (55) we may then write
This expression represents the wanted metric family as a series expansion. Note in particular the fact that all spatial dimensions expand whereas the corresponding Newtonian potential −U = − c 2 r s0 2r
(to Newtonian order) remains constant for a fixed FO. This means that the true radius of any circle orbit (i.e., with r constant) increases but such that the orbit velocity remains constant. That is, the mass of the central object as measured by distant orbiters increases to exactly balance the effect on circle orbit velocities of expanding circle radii. This is not as outrageous as it may seem due to the extra formal variation of atomic units built into our theory, rather it is a consequence of the fact that the coupling between matter and geometry depends directly on this formal variation [4] .
What is measured by means of distant orbiters is not the "bare" mass M t itself but rather the combination M t G. We have, however, defined G to be a constant. And as might be expected, it turns out that the variation of M t G with t as inferred from equation (56) is exactly that found directly from the formal variation of the active mass M t with t by using equations (5) and (49). This means that the dynamically measured mass increase should not be taken as an indication of actual particle creation but that the general dynamically measured mass scale should be taken to change via a linear increase of M t with t, and that this is directly reflected in the gravitational field of the source.
That is, measured in atomic units, the active mass of an approximately non-relativistic object increases linearly with epoch in accordance with equation (49).
The dynamical measurement of the mass of the central object by means of distant orbiters does not represent a local test experiment. Nevertheless the dynamically measured mass increase thus found is just as "real" as the expansion in the sense that neither should be neglected on extended scales. This must be so since in quasi-metric relativity, the global scale increase and the dynamically measured mass increase are two different aspects of the same basic phenomenon.
We now by explore which kinds of free-fall orbits we get from equation (56) and the equations of motion. We also discuss observable consequences thereof. 4 The effects of cosmic expansion on gravitation
Shapes of orbits and rotational curves
To begin with we find the shape of the rotational curve as defined by the orbital velocities of the circle orbits; since equation (34) has no time dependence for such orbits we can do a standard calculation [7] and the result is
However when we apply equation (57) to the metric family (56) we get a result essentially identical to the standard Keplerian rotational curve; the only effect of the dynamically measured mass increase and the non-kinematical expansion is to increase the scale but such that the shape of the rotational curve is unaffected. It is true that B(r) as found from equation (56) contains a term linear in r in addition to terms falling off with increasing r; in reference [8] it is shown that such a linear term may be successfully used to model the asymptotically non-Keplerian rotational curves of spiral galaxies. But the numerical value of the linear term found from equation (56) is too small by a factor of order 10 10 to be able to match the data. So at least the simple model considered in this paper is unable to obtain the asymptotically non-Keplerian rotational curves of spiral galaxies from first principles.
Another matter is how the time dependence in the equations of motion will affect the time histories and shapes of more general orbits than the circle orbits. Clearly time histories will be affected as can be seen directly from equation (34). However to see if this is valid for shapes as well we may insert equation (33) into equation (34) to obtain r as a function of φ. This yields
and this is identical to the equation valid for the case of a single spherically symmetric static metric [7] . Thus the shapes of free-fall orbits are unaffected by the global nonkinematical expansion present in the metric family (56).
Expanding space and the solar system
If one neglects the gravitational effects of the galaxy one may try to apply the metric family (56) to the solar system. But the solar system is not at rest with respect to the cosmic rest frame; this follows from the observed dipole in the cosmic microwave background radiation. Thus, treating the solar system as an isolated system one cannot identify the cosmic rest frame with the GTCS in which the solar system is at rest. That is, to accurately model the solar system gravitational field in a cosmological context one must in principle include the gravitational effects of the cosmological substratum so that we can identify the cosmic rest frame with a suitable GTCS. Then we must introduce a shift vector field describing the motion of the solar system with respect to the cosmic rest frame. If we do this the metric family describing the solar system gravitational field cannot be metrically static in the chosen GTCS, since the metric coefficients now will depend on x 0 . However, if we neglect the gravitational effects of the galaxy and treat the solar system as an isolated system the shift vector field will not depend on x 0 (i.e., the solar system then moves with constant velocity with respect to the cosmic rest frame). In this case we can transform to a new GTCS in which the solar system is at rest. In this new GTCS the shift vector field vanishes and all calculations we have made in this paper are still valid. For this reason we can neglect the motion of the solar system with respect to the cosmic rest frame and apply the metric family (56) to the solar system. Moreover the solar system is so small we can neglect any dependence on Ξ 0 . The errors made by neglecting terms depending on Ξ 0 in equation (56) are insignificant since the typical scales involved for the solar system are determined by
r 3 . Equation (56) then takes the form
Equation (58) shows that the shapes of orbits are unaffected by the expansion; this means that all the classical solar system tests come in just as for the analogous case of a Minkowski background [4] . However, we get at least one extra prediction; from equation (59) we see that the effective distance between the Sun and any planet has been smaller in the past. That is, the spatial coordinates are comoving rather than static, thus the solar system is not static (measured in atomic units). For example the distance between the Sun and the Earth at the time of its formation may have been about 50% less than today. But since gravitationally bound bodies are predicted to expand according to quasi-metric theory, a small Earth-Sun distance should not be incompatible with palaeo-climatic data since the Sun is expected to have been smaller and thus dimmer in the past. Actually, since neither the temperature at the center of the Sun (as estimated from the virial theorem), nor the radiation energy gradient times the mean free path length of a photon depend on t, the cosmic luminosity evolution of the Sun should be determined from the cosmic expansion of its surface area. And this luminosity evolution exactly balances the effects of an increasing Earth-Sun distance on the effective solar radiation received at the Earth. However, an obvious question is if the predicted effect of the expansion on the time histories of non-relativistic orbits is compatible with the observed motions of the planets. In order to try to answer this question it is illustrating to calculate how the orbit period of any planet depends on t. For simplicity consider a circular orbit r = R =constant. Equation (33) then yields To compare predictions coming from equation (59) against timekeeping data one must also take into account the predicted cosmological contribution to the spin-down of the Earth. If one assumes that the gravitational source of the exterior field (59) is stable with respect to internal collapse (like a perfect fluid source), one may model this source as a uniformly expanding sphere. Due to the increase with time of active mass, the angular momenta of test particles moving in the exterior field (59) increase linearly with cosmic scale, and this should also apply to the angular momentum L s of a hypothetical source consisting of active mass, that is
where the term O(2) is small for weak gravitational fields and where the locally measured Hubble parameter H is defined by H≡
, or equivalently
Since the moment of inertia I∝M t R 2 s , where M t is the active mass and R s is the measured radius of the sphere, we must have (neglecting terms of post-Newtonian order)
where ω s is the spin circle frequency and T s is the spin period of the sphere. (To show equation (65), use the definition L s = Iω s .) Note that to calculate the physical angular momentum of the sphere one must use its passive mass rather than its active mass. One then finds that the physical angular momentum of the sphere does not depend on t. The relations found in (65) still hold, though. Applied to the Earth, this means that the length of the day should increase due to cosmological effects such that
in good agreement with palaeo-tidal records obtained from sedimentary tidal rhythmities [9] . From equation (65) we find the cosmological contribution to the spin-down of the Earth at the present epoch to be about 1.36 ms per century (using H∼2.5×10 −18 s −1 ), indicating that this is the dominant contribution. That is, historical observations of eclipses and occultations from AD 1000 and onwards can be used to yield a lengthening of the day of about 1.4 ms per century [10] , whereas an average over the last 2700 years show a value of about 1.70 ms per century [11] . Note that the data show a secular quadratic divergence between the atomic time scale and a time scale based on the rotation of the Earth. This is as expected since the quantity d 2 ws dt 2 is negligible at the present epoch. Furthermore the number of days in one year N y is found to vary as
whereas the number of the days in one (synodic) month N m can be calculated if we as an approximation treat the Moon as a test particle. We then get
where T m is the (synodic) period of the Moon. Note that the predicted variation of N m is in good agreement with palaeo-geological data [6] , [9] . This also applies to the predicted constancy of the ratio N y /N m . However, the predicted variation of N y does not seem to be in accordance with the data (it is too small by a factor 3) [6] . This may be due to model-dependency in the interpretation though; any assumption that T E is constant yields model-dependency if it is used in the interpretation of fossil coral growth data where annual banding is not sufficiently clear. This also applies to [9] , where one has explicitly used the assumption that T E is constant when calculating N y from the data. But the important point here is that the extra time corresponding to a declining number of days in a year from equation (67) exactly matches the extra time corresponding to an increasing year such that the product N y T E is constant. That is, if one uses the spinning Earth as a (gravitational) time-keeping device, the sideral year appears to be constant rather than getting longer (this constancy is indicated by astronomical observations of the Sun and Mercury since about AD 1680). The constancy of N y T E is also the observational basis for adopting the notion that ephemeris time (i.e., the time scale obtained from the observed motions of the Sun and the planets) is equal to atomic time (plus a conventional constant). However, from equation (62) we see that ephemeris time should be scaled with a factor equation (68) we see that
and inserting the observed value 0.549 ′′ /s for n m at the present epoch, we get the corresponding cosmological contribution toṅ m , namely about −24.6 ′′ per century 2 . This value may be compared to the value −25.9 ′′ per century 2 inferred from lunar laser ranging (LLR) [12] .We may also use Hubble's law directly to calculate the secular recession of the Moon due to the global cosmic expansion; this yields about 3.1 cm per year whereas the value inferred from LLR is about 3.82 cm per year [12] . However, this LLR value is model-dependent since it was found by fitting the LLR data to a Newtonian model where active masses were assumed to be constant. Finally, note that whereas the secular recession of the Moon and its mean acceleration have traditional explanations based on tidal friction, these explanations are not confirmed by direct evidence. That is, tidal friction is of nature a mesoscopic phenomenon and it should in principle be possible to measure the tidal energy dissipated in the Earth's oceans. But since no mesoscopic measurements confirming the tidal friction scenario exist to date [13] , there are no restrictions on interpreting the secular evolution of the Earth-Moon system as due to cosmological effects.
The secular increase of active mass
In quasi-metric relativity active mass varies throughout space-time. In particular there is a secular increase as seen from equations (5) and (49). This is equivalent to a secular increase of the gravitational "constant" G C as measured in a local gravitational test experiment (e.g. a Cavendish experiment). From equation (5) we get the predicted time variation
for the present epoch. However, laboratory gravitational experiments are nowhere near the experimental accuracy needed to test this prediction. On the other hand, space experiments in the solar system (e.g. laser ranging measurements) and observational constraints on solar models from helioseismology are claimed to rule out any possible fractional time variation of G larger than about 10 −12 yr −1 . See e.g. [14] , [15] and references therein. It thus may appear as the prediction (70) is in conflict with experiment. But as we shall see in the following, this does not follow.
To illustrate the difference between metric and quasi-metric theory when it comes to the effects of a varying G on the equations of motion, we note that in the weak field limit of metric theory we may set G(t) = G(t 0 ) +Ġ(t 0 )(t − t 0 ) + · · · directly into the Newtonian equation of motion. For an inertial test particle this yields (using a Cartesian coordinate system)
leading to an extra, time-dependent term in the coordinate acceleration of objects. It is the presence of such an extra term which is ruled out to a high degree of accuracy according to the space experiments testing the temporal variation of G. (That is, one tests a combination of the predicted changes of the solar system scale and orbit periods T which are predicted to vary asṪ T = − 1 2Ġ G .) Contrary to metric theory, no such extra term as shown in equation (71) is present in the weak field limit of quasi-metric theory since U does not depend on t. An example of this can be seen from equations (56) . But as we have seen in section 4.2, in combination with the predicted scale changes due to the cosmic expansion this is not inconsistent with observations.
In the weak field limit of metric theory one may calculate the effects on stellar structure coming from a possible variation of G. Such effects are found by putting a variable G directly into the Poisson equation. That is, a change in G directly induces a change in the Newtonian potential yielding a change in star luminosity. Such calculated changes in luminosity are tightly constrained from their effects on star models, which can be compared to observations, e.g. data obtained from helioseismology. On the other hand, in quasi-metric gravity the effect of the secular increase of active mass cannot be separated from the cosmic expansion, so the total effect on the Poisson equation is to decrease the density with cosmic epoch but such that the Newtonian potential is unchanged. (To see how this works, recall how equation (8) reduces to equation (44).) Thus there will be no change in luminosity except for that due to the increase of scale (i.e., the increase in luminosity due to the increasing surface area of the expanding star).
We conclude that all space experimental tests of the secular variation of G are based on the assumption that this variation is present in the Newtonian potential. This also holds for tests based on stellar structure and in particular restrictions coming from helioseismology. However, this assumption (and in particular equation (71)) does not hold in quasi-metric theory. Hence, the interpretations of these tests are explicitly theory dependent and the prediction made in equation (70) has not been shown to be in conflict with current experimental results. Also notice the fact that any cosmological constraints on the secular variation of G found within the metric framework are utterly irrelevant for quasi-metric theory.
Conclusion
In this paper we have shown that according to the QMF, gravitationally bound, metrically static systems are predicted to expand with the Universe. Interior to sources this applies whenever the perfect fluid approximation is sufficient. (When it is not one may expect that any phase transitions should lead to instabilities due to the global cosmic expansion, and the system will no longer be metrically static.)
According to the QMF, the predicted effects on gravitationally bound systems of the global cosmic expansion have a number of observable consequences, none of which have been shown to be in conflict with observations. That is, it seems that at this time no model independent evidence exists that may rule out the possibility that the size of the solar system (measured in atomic units) expands according to the Hubble law; on the contrary the quasi-metric model fits some observational data more naturally than traditional models do.
